Background: The proportion of migrants and refugees increase in many populations. Health planners have to consider how migration will influence demand for health care. This study explores how migrants' geographical origin, reason for migration, and duration of residence are associated with admission rates to somatic hospitals in Norway. per 1000 personyears for a set of somatic diagnoses were analyzed by age and gender standardized rates, linear probability models, and Poisson regression.
Background
The increasing number of migrants and refugees in many countries is a challenge for the health services. In addition to access and equity issues [1, 2] , health politicians will have to ask how the demand for health care is affected. Will the migrants have higher or lower utilization rates than the native populations in the years ahead?
As to hospital care, findings are mixed. A review of European studies, published in 2010, found "contrasting results" [3] . Later analyses from Italy, Netherlands, Germany, Denmark, Spain, and United Kingdom have reported both comparatively high and relatively low use of hospital services among migrants [4] [5] [6] [7] [8] [9] [10] [11] [12] .
Diverse findings are to be expected, since studies differ in methodology and what type of hospital care they address, and migrant populations vary both between host countries and within each host country over time. There may nevertheless be a set of common factors underlying migrants' health care utilization, and inconsistent empirical findings could emerge because these factors operate in different contexts. Identifying and analyzing such factors could lead towards an explanatory framework analogous to existing models for migrants' health [13] [14] [15] , which could be useful both for understanding the diversities in migrants' health care utilization and for making forecasts about future demand for health care.
The present study analyzes how world region origin, reason for migration, and length of residence are associated with migrants' admissions to somatic hospitals in Norway.
Regarding geographical origin, previous research suggests that it may influence migrants' health care utilization in many ways. Childhood poverty and disease panorama in the home country may have implications for later health [13] . Enabling and predisposing factors for health care use [16] , such as health literacy, help-seeking norms, and knowledge about health care providers, may be associated with one's origin. Country background may furthermore have long term consequences because it affects post-migration life trajectories, for instance labour market participation and risk of social exclusion [17] .
As to reason for migration, research indicates that work migrants often have relatively low health care utilization [18] . This is commonly attributed to the so-called healthy migrant effect. Transnational migration will often be strenuous, and those who lack sufficient mental and physical strength may refrain from emigrating [19] . The selection effect may be so strong that migrants' health is better not only than the average in the population they leave, but also in the population they enter [20] . The healthy migrant effect is likely to be particularly evident among work migrants, since self-selection is dominant and potential migrants are aware that ill health will impede their chances on foreign labour markets. The health-selective mechanisms are probably weaker for family re-unification, and when emigration is forced, more or less, because of war, famine or persecution, both pre-migration conditions and the migration experience itself may be traumatic and causing health problems [21, 22] . Thus, a Danish study found high disease rates among refugees and also, to some extent, among familyunited migrants [4] , while a Norwegian study observed considerable multimorbidity among refugees, but less among family migrants and even less among work migrants [18] . Accordingly, migrants' health care utilization is likely to vary both with country origin and reason for migration, but the effects could depend on length of stay in the new country. Previous research has indicated that length of residence is associated both with health status [4, 17, 18, [23] [24] [25] [26] [27] [28] [29] and use of health services [30] [31] [32] [33] [34] . Low utilization rates are often found among newly arrived migrants, partly because of the healthy migrant effect and partly because of unfamiliarity with the healthcare system in the new country [35] . With increasing duration of stay, migrants' health care utilization may increase [4, 13, 19, 36] . One reason is acculturation, i.e., how migrants adapt to the dominant culture, its value systems and prevailing lifestyles [11, 37] . As both health-related behaviours and help-seeking norms are affected [38, 39] , acculturation could mean that migrants' disease profiles and utilization patterns gradually approximate and converge with those of the non-migrant population [36, [40] [41] [42] . If being exposed to long lasting detrimental environments such as low income, unhealthy working conditions, and discrimination, utilization levels may even surpass non-migrants' levels. Indications of such processes are the rise in migrants' multimorbidity with increasing length of stay [18] , and the relatively high mortality among guest workers who came to Germany in the 1960s and had "hard working conditions in their lifetimes" [29] .
Using Norwegian register data which cover the entire population, the present study explores these issues further. The review above leads towards two expectations: (1) Migrants' use of somatic hospitals will vary markedly both with country background, reason for migration, and duration of residence, and migrants' hospitalization rates will, to a considerable extent, be a function of how the migrant population is composed as to these three factors. (2) After a prolonged stay in the host country, a tendency towards convergence will occur, i.e., migrants will have hospitalization rates which do not deviate much from those of the non-migrants, irrespective of country background and the original reason for migration.
The context of the present study is the Norwegian healthcare system, which has some characteristic features. Hospitals are tax funded and, with few exceptions, state owned, and in-patient hospital care is free for all registered inhabitants [43] . Therefore, low income does seldom preclude hospital admissions, but a "pro-rich" bias in utilization of Norwegian specialist health care has nevertheless been found [44] . Hospital admissions are, on the other hand, regulated by the gate-keeping role of General Practitioners (GPs). The patient list system, implemented in 2001, implies that practically all inhabitants are registered with a particular GP (or GP office). Normally, hospitalization will require a referral from the patient's ordinary GP, or from a physician specialist who has examined the patient on request from the patient's GP. Thus, admissions to somatic hospitals in Norway depend strongly on physicians' decisions, but this does not, of course, prevent that also patients' wishes, preferences, and resources could play a role.
Methods

Data, sample, variables
The data file used for this study was constructed by linking sociodemographic information for all registered Two outcome variables were analyzed. The first is a dichotomy indicating whether the individual had at least one admission to a somatic hospital during the 4 years 2008-2011. This outcome variable gives an overall indication of hospital utilization, but it does not distinguish between few and many hospital stays and includes admissions without clear links to diagnosed disease (e.g., diffuse symptoms, routine check-ups, normal childbirths). Therefore, also a second outcome variable was analyzed: number of admissions during 2008-2011 due to tumours (neoplasms) and conditions of the circulatory, musculoskeletal, digestive, respiratory, and endocrine systems, and some other smaller somatic diagnostic categories, i.e., Chapters I to IV and VI to XIV in the International Classification of Diseases (ICD), 10th Revision [45] . The second outcome variable included more than 60 % of all admissions for the 30-69 age categories. The distribution of admissions on major diagnosis categories is shown in Additional file 1: Table S1 .
For this study, migrants were defined as individuals who, according to the population register, were born abroad by two non-Norwegian parents. Migrants with immigration year The immigration authorities began to collect information about reason for migration in 1990. As migration between Nordic countries has been practically unrestricted for decades, reason for migration from neighbouring Sweden, Denmark, Finland and Iceland is almost never recorded. Migrants 1990-2007 were classified either as work migrants (including a few who came for education), family re-unification, refugees, or unknown -the latter category was used for all pre-1990 migrants and for later migrants with missing information.
Migrants' length of stay was indicated by grouping migration year into five periods, from recent migrants (arrival years [2005] [2006] [2007] to longstanding migrants (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) .
Other variables used in the analyses were age (at the start of 2008) and gender. Due to data protection considerations, age information was only available in 10 
Analyses
After describing the samples, variations in hospitalization within the migrant sample according to reason for migration, world region origin, and length of stay, were examined. This analysis was restricted to migrants who came during the 1990-2007 period, since no information about reason for migration was available for earlier migrants. Estimations of percentages with at least one somatic hospital admission 2008-2011, men and women together, were made, directly standardized with age and gender composition of the native Norwegian comparison sample, age 30-69, as standard population. Likewise, number of somatic hospital admissions 2008-2011 per 1000 personyears, age and gender standardized, for the selection of somatic diagnoses described above, were calculated.
Next, the convergence issue was examined by analyzing how recent and longstanding migrants' hospitalization rates deviated from the rates among non-migrant native Norwegians. In gender stratified analyses adjusted for age, migrants with registered migration in 2005-2007 were compared with migrants who were registered during 1970-1989. Non-migrant native Norwegian men and women, respectively, were used as reference categories in these analyses. The outcome any hospital admission 2008-2011 was analyzed by linear probability models, i.e., OLS linear regression, while number of admissions 2008-2011 for the selected set of diagnoses was analyzed by Poisson regression, with individuals' personyears 2008-2011 as exposure. Analyses were made with STATA Release 13, programs tab, dstdize, reg, and poisson, and statistical significance was assessed by robust standard errors [46, 47] .
Results
The sample description (Table 1) demonstrates how migration to Norway since the 1970s had generated a very heterogeneous migrant population in 2008. The longestablished migration from Nordic and a few other Western countries continued, but migration from other parts of the world has changed the composition of the migrant population since the 1970s. Work migrants from Pakistan, Turkey, and partly from North Africa came already during the 1970s, as well as refugees from Latin America. In the subsequent decades, non-Western migrants were mostly refugees or family migrants, many of them from Vietnam, Iran, the Balkans, Somalia, Eritrea, and Iraq later on. Table 1 indicates that migration due to family unification has been substantial. In the mid2000s (2005) (2006) (2007) , work migration increased much, in particular from East Europe, typically Poland, but also from the Nordic countries.
As to the central topic in this study, the two righthand columns in Table 1 are especially relevant. They show that among native Norwegians, age 30-69, men and women pooled, 28.7 % had at least one admission to a somatic hospital during 2008-2011, and there were 116 somatic hospital admissions per 1000 personyears for the selected diagnoses. Because of large differences in age and gender compositions, standardization is necessary for making meaningful comparisons between migrants and non-migrants, and between migrants with different geographical origins. Table 1 shows that after standardizing, the migrant population had a lower percentage with at least one hospitalization than the non-migrant native Norwegians (27.0 % versus 28.7 %). They also had fewer admissions per 1000 personyears (103 versus 116). Table 1 indicates furthermore that hospitalization rates varied much with background -percentages with at least one admission ranged from 21.9 % (migrants from EU East Europe) to 32.5 % (West and South Asia), and number of admissions per 1000 personyears varied from 80 to 137 between these two world region origins. Table 2 shows how hospitalization rates among the migrants were simultaneously patterned by reason for migration, world region origin, and length of stay. Estimations were standardized for age and gender in order to make rates comparable to those of the native Norwegians. Only migrants who came 1990-2007 were included in this analysis, since information about reason for migration lacked for pre-1990 migrants. Small categories, such as refugees from EU East Europe and work migrants from Africa, were pooled into larger categories. Confidence intervals were not reported in order to avoid overloading the table, but the few estimations made on subsamples with less than 200 individuals were enclosed in parentheses. The main results of Table 2 are also displayed in Figs. 1 and 2.
Large differences in standardized rates according to reason for migration can be observed. On average, 19.2 % of the work migrants, 24.9 % of the family unification migrants, and 32.4 % of the refugees, had at least one admission. The corresponding number of hospital admissions per 1000 personyears were 56, 88, and 127, respectively.
Moreover, hospitalization varied with length of stay. Among recent refugees (arrival years [2005] [2006] [2007] , all regions together, 37.1 % had at least one admission, but among refugees who arrived in 1990-1995, the percentage was 29.4 %, i.e., close to the "native" level of 28.7 %. Recent work migrants had low hospitalization rates (average all regions: 15.8 % with at least one admission, 50 admissions per 1000 personyears). Work migrants with longer stays in Norway had somewhat higher hospitalization levels. For family unification migrants, however, hospitalization rates did not vary much with migration period.
Thus, length of stay, and reason for migration even more, appear to be strongly associated with variations in migrants' admission rates to somatic hospitals. Within migrant categories defined by reason for migration and length of stay, there were sometimes marked differences according to geographical origin. Among the 2005-2007 family unification migrants, for instance, percentages with at least one hospital admission varied from 19.2 % (Other Asia) to 36.4 % (Africa). Nevertheless, Table 2 also suggests some commonalities. Whatever their world region origin, recent work migrants had low hospitalization rates, while longer stays were associated with higher admission rates. Likewise, high hospitalization rates were observed among recent refugees, but hospitalization levels decreased consistently with increasing length of stay, whatever part of the world the refugees came from.
Lastly, hospitalization rates for recent and longstanding migrants, relative to native Norwegians, were analyzed separately for men (Table 3 ) and women (Table 4 ) -all migrants pooled, and for each of the seven world region origins, adjusted for age. Table 3 shows that recent male migrants (arrival 2005-2007), all origins combined, had markedly less hospitalization than native Norwegian men. The linear probability model coefficient, minus 0.079, implies that the age-adjusted percentage with at least one somatic hospital admission was 7.9 percentage points lower among migrant men than among native Norwegian men. Similarly, the incidence rate ratio (IRR) in the corresponding Poisson regression model for recent migrant men was 0.601, i.e., far below unity, indicating that also the age-adjusted number In contrast, the analyses in Table 3 of longstanding migrant men (arrival years 1970-1989) show that they, overall, had hospitalization rates close to those of native Norwegian men. The linear probability regression coefficient was only minus 0.012, while the IRR was 0.944. Both coefficients were significantly lower than the native level (cf. the 95 % confidence intervals), but the size of the coefficients indicate that admission rates to somatic hospitals differed little between longstanding male migrants and non-migrant men.
The main pattern -much lower hospitalization among recent migrants and very small differences for longstanding migrants -emerged also for male migrants from Western, East European, and Latin American countries. A different pattern, although in line with the assumption of increasing utilization with increasing length of stay, can be seen for male migrants from West and South Asiacompared to native Norwegian men, recent male migrants from these countries had similar hospitalization levels, but longstanding migrants had clearly higher hospitalization rates. Among male migrants from Africa and Other Asia, hospitalization patterns varied in a more irregular way.
The results from corresponding analyses among female migrants are shown in Table 4 . Low hospitalization rates among recent female migrants, and similar and sometimes higher rates among longstanding female migrants compared to native Norwegian women, emerged also in the Poisson regression analyses of number of hospital admissions (Table 4 , right part). The results from the linear probability models were somewhat different, however, since the overall proportion who had at least one somatic hospital admission 2008-2011 was somewhat higher (+0.021, i.e., 2.1 percentage points) among recent female migrants than among native Norwegian women. The explanation for the discrepancy between the Poisson and linear probability models when analyzing women is probably that when any hospital admission is analyzed (the linear probability models), admissions due to normal childbirths and vague and undiagnosed symptoms are included. The Poisson analyses of number of admissions include only somatic disease diagnoses. A higher number of childbirths are therefore likely to be some of the reason why recently arrived female migrants, more often than native Norwegian women, had at least one hospital admission (cf. the large positive coefficients, around plus 0.13, for recent migrant women from Africa and West and South Asia).
Discussion
Main results
This study has shown that overall, the migrant population in Norway, age 30-69, had lower (age and gender adjusted) admission rates to somatic hospitals during 2008-2011 than the native Norwegian population. This occurred for both outcomes analyzed here: at least one admission (27.0 % versus 28.7 %), as well as number of hospital admissions due to a set of somatic diagnoses (103 versus 116 per 1000 personyears).
The main objective of the present study was to examine how migrants' hospitalization levels were conditioned by country background (measured in this study by seven world regions), reason for migration, and length of stay in Norway.
Distinct differences in hospitalization according to reason for migration emerged. Overall, age and gender adjusted hospitalization rates among refugees were around twice as high as the rates among work migrants, while family unification migrants had overall somewhat lower hospitalization rates than native Norwegians. This [4, 18, 34] and with the expectation that the healthy migrant effect is particularly prevalent among work migrants, but often absent among refugees who could have been exposed to many types of health risks in their pre-migration lives [19, 48, 49] .
Variations in hospitalization rates according to geographical origin were also marked. Relatively high admission rates -often higher than among native Norwegians -were observed among migrants with a background from West and South Asian countries. Relatively low rates were found among migrants from the European Union member countries in East Europe and also among migrants from Western and Other Asian countries.
Interestingly, the analyses suggested that the differences between world region origins were strongly associated with reason for migration. Among the migrants who came there were more than 10,000 refugees, but less than 500 work migrants. The high hospitalization rates among migrants from these countries were probably due, at least partly, to a large proportion of refugees. Another indication of the impact of reason for migration is the finding that work migrants both from non-Western and Western countries had low hospitalization rates. However, hospitalization differences according to reason for migration seemed to diminish with increasing length of stay. Among recent migrants (arrival years 2005-2007), 15.8 % of the work migrants and 37.1 % of the refugees had at least one hospital admission, but this difference was clearly smaller (19.4 % versus 29.4 %) among those who came during 1990-1995 and therefore had lived in Norway for at least 13 years. Hospitalization rates increased with increasing duration of stay for work migrants, but decreased for refugees. The reason that rates declined among refugees could be that they "benefit from improvements in health care, hygiene and nutritional conditions" [13] and from relief from fear and strain, resulting in decreasing need for health care. Increasing rates among work migrants could occur if the healthy migrant effect "wears off" and work life hazards begin to play a role.
Thus, in line with previous studies on health care utilization [30] [31] [32] [33] [34] , this study reiterates the role of length of stay. This factor may have been underrated because of missing information; the 2010 review of European studies of migrants' health care utilization noted that only one of 21 reviewed studies had information about time in the host country [3] .
Whether migrants' health care utilization patterns will converge towards the native level over time is a current debate [36, 42] . Among longstanding migrants in this study (arrival years 1970-1989) , hospitalization rates 2008-2011 were quite close to the rates among native Norwegians for migrants from several world regions. This suggests convergent utilization levels when living in the new country for two decades or more. However, other factors will influence the associations between utilization levels and length of stay. The large proportion with at least one hospital admission among women from Africa and West and South Asia with a short stay in Norway was probably due to frequent childbirths, while relatively high hospitalization rates among pre-1990 male and female migrants from South and West Asia could be partly due to harsh living conditions during their years in Norway.
Policy implications
The role of country background and geographical origin for migrants' use of health care have for long been acknowledged. The present study underlines that also reason for migration and length of stay are important sources for variations in health care use. Migrants' utilization levels at any time point are likely to be conditioned, to a considerable extent, by the existing composition of the migrant population as to these factors. If recent work migrants constitute a large proportion of the migrant population, overall hospital utilization is likely to be markedly lower than that of the non-migrant population. If, on the other hand, work migration has dwindled and a large proportion of the migrant population are either newly arrived refugees or longstanding migrants who have encountered many environmental hazards in the host country, the migrant population will probably use health care more than non-migrant natives.
This implies that predictions about the future utilization of somatic hospitals in the migrant population will be uncertain, since utilization levels will depend on several unknowns such as the number of new migrants in the future, their reasons for migration, and their country background. In addition, not only country background, reason for migration, and length of stay, but also other factors such as migrants' educational level and their typical social trajectories in the host country will influence their utilization rates.
The findings of this study suggest furthermore that the health services should pay particular attention to two categories of migrants. Firstly, the newly arrived refugees will often be a particularly vulnerable category, often in need of culturally sensitive health care -both somatic hospital services and mental health care [22] . Secondly, healthy work migrants may experience a relatively fast health deterioration [18] , which could be due to difficult working conditions, low material level of living, and social isolation. One task for the health services could be to develop appropriate preventative services for this migrant category.
Study strengths and limitations
One strength of this study is that it examines unselected samples comprising all registered migrants in Norway, aged 30-69 as of January 1, 2008. Another strength is that these registers are known for high quality and good updating routines. Since the Norwegian Patient Register collects information from practically all somatic hospitals in Norway (except for a few, minor, private hospitals), the estimated hospitalization rates are probably quite precise.
However, a definite weakness is the very heterogeneous geographical origin categories used in this study. It is not unlikely that migrants from the different countries pooled into the seven world origins differ considerable in admission rates to somatic hospitals. This could hardly be avoided with the available data, however. Specific country background was available for some migrant origins (e.g., Sweden, Poland, Vietnam), but for the majority of the migrants, information was only available in terms of broad categories such as Nordic countries other than Sweden, Western Europe, Africa outside Somalia, and Latin America.
Another limitation in this study is that it only refers to registered inhabitants and gives no information about use of hospital services among undocumented migrants.
Moreover, only admissions to somatic hospitals have been addressed. Research indicates that mental health problems could be widespread among some migrant categories, and among refugees in particular [22, 50] . This implies that also migrants' admissions to psychiatric hospitals and mental health institutions should be examined in order to obtain a more comprehensive picture of migrants' utilization of hospital services.
A very important interpretational difficulty should be noticed. The observed associations between hospitalization rates and length of stay could be due not only to the effects of increasing duration of residence, for instance because of acculturation processes or exposures during migrants' life courses in Norway. Another possibility is that various circumstances have differed considerably between the migrants who came during, say, the early 1990s, and those who arrived in the mid-2000s. The observed associations with length of stay could, more or less, reflect variations in a number of health-related characteristics between different cohorts of migrants. This interpretational difficulty makes conclusions about how length of stay affects hospitalization somewhat uncertain.
As to methods, one may question that a dichotomous outcome (i.e., any hospital admission 2008-2011) was analyzed by linear probability models (Tables 3 and 4) . For such outcomes, logistic models are more common. Linear probability models were chosen since the coefficients, indicating differences in proportions, are more easy to interpret than logit estimates and odds ratios. Moreover, results from logistic and linear probability models do seldom lead to different interpretations [51] . For completeness, Additional file 1: Table S2 gives the results from logistic regression analyses of the any hospital admission outcome.
Conclusions
Overall, the migrant population in Norway in 2008, aged 30-69, had lower age and gender standardized utilization of somatic hospitals during 2008-2011 than the nonmigrant native population. Variations with migrants' geographical origin were considerable. Migrants from West and South Asia had higher hospitalization rates than native Norwegians, while relatively low utilization levels were observed among migrants from Western and European Union countries, as well as among migrants from other parts of Asia. Differences in migrants' hospitalization rates according to their geographical origin were however strongly associated with reason for migration, as well as influenced by duration of residence in Norway. Work migrants tended to have few hospital admissions during the first years, but higher utilization levels after living for some years in their new country. Recent refugees had, on the other hand, high hospitalization rates, but refugees who came in the early 1990s had age and gender adjusted hospitalization rates similar to the native population. Among longstanding migrants who had arrived before 1990, hospitalization rates were often quite close to the level among non-migrant native Norwegians, suggesting a convergence tendency when migrants had lived for two decades of more in the host country. In general, hospitalization levels were strongly conditioned by the composition of the migrant population as to country and geographical background, reason for migration, and length of stay.
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